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DISCRETE-LENGTH POLYETHYLENE GLYCOLS 

Field of the Tpyentmn 
The present invention is generally directed to polyethylene glycols and, more 
specifically, to discrete-length polyethylene glycols. 

Background f? f the Inventio n^ 
Polyethylene glycols are a family of polymers produced from the condensation 
of ethylene glycol, and have the general formula HfOCHjCH^OH where n, the 
number of ethylene glycol groups, is greater than or equal to4. Generally the 
des,gnation of a polyethylene glycol (PEG) includes a number that corresponds to hs 
average molecular weight. For example, polyethylene glycol 1500 refers to a mixture 
of polyethylene glycols having an average value of n between 29 and 36 and a 
molecular weight range of 1300 to 1600 grams/mole. 

The properties of polyethylene glycols vary with the polymer's molecular 
weight. Polyethylene glycols have been used in plasticizers, softeners and humectants, 
ointments, polishes, paper coating, mold lubricants, bases for cosmetics and 
pharmaceutics, solvents, binders, metal and rubber processing, permissible additives 
to foods and animal feed, and laboratc y reverts, among others. 

Polyethylene glycols are generally linear or branched, neutral polyether 
molecules that are soluble in water and organic solvents. In addition to the uses noted 
above, polyethylene glycols have proven to be valuable in many biotechnical and 
biomedxcal applications. Polyethylene glycols have been advantageously employed in 
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these applications for their ability to impart water solubilization and surfece protective 
properties, and also because these polymers are only weakly immunogenic. 

Polyethylene glycols have also been covalently coupled to proteins to alter I 
their properties in ways that extend their potential uses. Due to in vivo instability, the 
efficacy of a number of therapeutic proteins is severely limited. While many 
approaches to stabilization of such proteins have been made, the covalent 
modification of proteins with hydrophilic polymers such as dextrans and polyethylene 
glycols has been most successful. Typically, polyethylene grycol-protein conjugates 
are more stable than the native protein in vivo and often, the modified proteins exhibit 
enhanced resistance to proteolytic degradation. The result is an increase in the 
therapeutic protein's life in circulation and a reduction in its immunogenicity. In some 
instances, the therapeutic efficiency of these conjugates is greatly enhanced compared 
to the native protein. 

The improved performance of PEG-modified conjugates has resulted in their 
15 development as therapeutic agents. For example, enzyme deficiencies where the 
native enzyme was ineffective due to its rapid clearance and/or immunological 
reactions have now been treated with equivalent PEG-enzymes. In fact, 
PEG-adenosine deaminase has obtained FDA approval. Because PEG-enzymes can 
act as catalysts in organic solvents, the use of such PEG-enzymes to produce desired 
stereoisomers offers an advantage to classical organic synthesis which typically 
produces acemic mixtures of organic products. See, e.g., Degado etal., Crit Rev. 
Ther. Drug Carrier Systems, Vol. 9, pp. 249-304, 1992. 

Examples of polyethylene glycol-modified proteins include PEG-adenosine 
deaminase (PEG-ADA), which has been used in enzyme replacement therapy for 
immunodeficiency due to ADA deficiency (M S. Hershfield, din. Immunol. Imrnuno. 
Pathol, Vol.76, S 228-232, 1995); PEG-recombinant human granulocyte colony 
stimulating factor (PEG-rhG-CSF), which showed an increase in stability and 
retention of in vivo bioactivity and has been suggested as a suitable form of the 
protein for inclusion in an oral delivery formulation (P.-K.E. Jensen et al., Pharm. 
Res., Vol. 13, pp. 102-107, 1996); PEG-natural human tumor necrosis factor alpha! 
which showed a gradual decrease in specific activity with increasing degree of 
PEG-modification and a drastic increase in plasma half-life upon PEG-modification 
(Y. Tsutsumi et al., Br. J. Cancer, Volume 71, pp. 963-968, 1995); PEG-recombinant 
human interleukin-2, which retains the in vitro and in vivo activity of interleukin-2, 
35 but exhibits a markedly prolonged circulating half-life (T. Menzel et al., Cancer Bio. 
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Ther., Vol. 8, pp. 199-212, 1993); and PEG-asparaginase, which has shown promise 
m patients suffering from acute lymphocytic leukemia (N.Bumham, 
Am. J. Hasp. Pharm., Vol 52, pp. 210.218, 1994). Polyethylene glycol conjugates of 
oligonucleotides have also been prepared and show a more than tenfold increase in 
5 exonudease stability (A. Jaschke etal.. Nucleic Acids Research Vol 22 
pp.481(M817,1994). ' V ° 122 ' 

Other PEG-modified proteins include papain (C. Woghiren etal 
Bioconjugate Chemistry, Vol. 4, pp. 314-318, 1993), asialofetuin (L. Roseng et aT 
XBwLChem., Vol.267, pp. 22987-22993, 1992), collagen (C. J. Doilion etal" 
10 Btomaterial Sciences Polymers, Vol. 6, pp. 715-728, 1994), RGDT peptides (L SaikL 
Japanese J. Cancer Research, Vol. 84. pp. 558-565, 1993), serum IgG 
(R. Cunningham etal, J. Immunol Methods, Vol. 152, pp. 177-190 1992) 
alpha 1-proteinase inhibitor (A. Mast etal., J. Lab. Clin. Med Vol 116 
pp. 58-65, 1990), growth hormone releasing factor (A. Felix, /„/. J. Peptide Protein 
15 Research, Vol.46, pp. 253-264, 1995), basic fibroblast growth factor 
(S. Kusstatscher et al., J. Pharmacol. Exp. Ther., Vol 275, pp. 456-61, 1995) and 
catalase, uncase, honey bee venom, hemoglobin, and ragweed pollen extract* As 
mdicated by the number of utilities noted above, polyethylene glycol has recently been 
widely used to develop new therapeutic agents. 
10 Despite the widespread use of polyethylene glycols to modify therapeutic 

agents, their use has not been without associated disadvantages. The covalent 
attachment of polyethylene glycol to superoxide dismutase produces a heterogeneous 
mixture of modified protein species. The heterogeneity of the product derives from, 
u. part, the porydispersity of the polyethylene glycol reagent (J.Snyder etal 
5 J. Chromatography, Vol. 599, pp. 141-155, 1992.) 

Commercially avalable polyethylene glycols having molecular weights greater 
*an about 300 grams/mole are available only as mixtures of varying length polymers 
The range of PEG polymer lengths results from the polymerization process by which 
the PEG polymers are prepared. Commercially available PEG polymers include 
polymers having average molecular weights of 100, 200, 300, 400 600 900 
1000 U 500, 2000, 3400, 4600, 8000, and 10000 grams/mole from Aldrich' Chenucai 
Co. (Milwaukee, WJ);3350 and 20000 grams/mole from Sigma Chemical Co (St 
Louis, MO); and 1000, 2000, 3000, 5000, 10000, 20000 and 25000 grams/mole from 
Shearwater Polymers, Inc. (Huntsville, AL). The exact composition of these 
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mixtures are not generally provided, but art considered of relatively narrow range 
except where terminal monomethyl ethers are desired. 

Inherent problems with the utilization of such polymeric mixtures of PEG 
molecules exi*. One of the most significant problems is that a mixture of compounds 
u obtained when these compounds are modified or used to modify other compounds 
Havmg a mixture of compounds complicates purification and characterization of the 
compounds. Further, even though PEG molecules are relatively innocuous in the 
biologacal system, different compounds within these mixtures are likely to have 
Afferent pharmacokinetics, pharmacodynamics, and even varying degrees of toxicity 
making such a mixture questionable for pharmaceutical applications. 

Yet another consideration in having mixtures is the role of sizes in obtaining 
the desired biological properties. While small differences might be expected in 
solubteion within a -narrow- average molecular weight range, properties such as 
rendering protems nonimmunogenic may be compromised by having a mixture of 
»zes on the protein surface. The fact that ti™ are variances in lengths may make the 
protem more recognizable. While inim. ncg-Mic proteins modified by PEG 
compounds often have benefits arising from that process, the feet that a mixture of 
PEG compounds is used may result in obtaining weakly immunogenic responses. 

Accordingly, there remains a need in the art for alternatives to PEG polymers 
composed of a mixture of lengths and molecular weights to overcome the difficulties 
assorted with the preparation, purification, characterization, and therapeutic 
administration of such PEG mixtures. The present invention seeks to fulfill these 
needs and provides further related advantages. 

Summary of th e Invention 
In one aspect of the invention, polyethylene glycol containing compounds of 
discrete-length are disclosed. In one embodiment, fonctionalized polyethylene glycol 
contammg compounds are disclosed. In another aspect, the present invention 
discloses a convergent synthetic method for the preparation of polyethylene 
containing compounds having discrete-lengths. 

Brief De scription nf the Drawin gs 
The foregoing aspects and many of the attendant advantages of this invention 
will become more readily appreciated as the same becomes better understood by 
reference to the following detailed description, when taken in conjunction with the 
accompanying drawings, wherein: 
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FIGURE 1 is an Mustration of some commercially available PEG compounds 
FIGURE 2 is a schematic represent*™ of the preparation of a representative 
discrete-length PEG of the present invention; 

"^3uaschematfcrep«^ 
amme-unked discrete-lengthPEG^ontaining compound of the pre*** invention; 

FIGURE4is a schematic representation ofthe preparation of a representative 
am.de-hnked discrete-length PEG-containing compound ofthe present invention; 

FIGURE 5 IS a schematic representation of a synthetic method ofthe present 

invention; f»*-wh 

FIGURE 6 is a schematic representation ofthe preparation of a representative 
^Htennmated discrete-length PEG-containing compound of 1 P TZ 

per k 7 " * 8ChCmatiC rCpreSCmati0n of Ae Preparation of a radiolabel 

PEG bu.ld.ng block useful in the preparation of the discrete-length PEG-comaimng 
15 compounds ofthe present invention; 

label PEG^fn 8 "k, IT" 10 of Ae of a fluorescent 

label PEG budding block useful in the preparation of the discrete-length FEG- 
contaimng compounds ofthe present invention; 

. . u . ***** 9 is a schematic ^Presentation ofthe preparation of a biotin PEG 
budding block useful in the preparation of the discrete-length PEG-containing 
compounds ofthe present invention; 

HGUKE 10 is the schematic illustration ofthe preparation of a representative 
ub.quu.one (50) carbamate linked discrete-length PEG containing compound of the 
present invention; and 

co^T^l mUStmeS rCPrCSCntatiVC B " bi <*» compositions 

covalently hnked by representative discrete-length PEG-containing moieties of the 
present invention. 

Petted Description ofthe Prefe rred EmhnH; rr t 

. ™ C PrCSCm mveation is directed to polyethylene glycol (PEG) and 

polyethylene glycol containing compounds and compositions and methods related to 
their preparation and use. More specifically, the present invention is directed to 
polyethylene glycols and polyethylene glycol containing compounds having a discrete- 
length and molecular weight. As used herein, the phrase "discrete-length" refers to a 
polyethylene glycol prepared by a nonpolymeric process such that the polyethylene 



20 
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glycol and have a specific discernible molecular weight. Polyethylene glycols having 
discenuble molecular weights can be contrasted to polymeric processes currently 
utdized which produce polyethylene glycols having a range of lengths and a range of 
molecular weights. The present invention provides discrete-length polyethylene 
glycols^ Ascrete-length polyethylene glycol containing compounds, including 
polyethylene glycol containing compositions that include the foregoing and methods 
for the preparation of the same. 

One aspect of the present invention provides a polyethylene glycol compound 
tha mcludes at least one discrete length polyethylene glycol moiety having a 
molecular weight of at least about 300 grams/mole. Particularly suitable moieties for 
most uses, generally have a molecular weight in the range of about 1000 to about 
50,000 grams/mole, preferably in the range of about 2000 to about 20 000 
grams/mole, more preferably in the range of about 2500 to about 7500 specifically 
about 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000, and 6500. The discrete 
length polyethylene glycol moiety generally includes any moiety having a discrete 
length and molecular weight and includes the repeated ethylene glycol unit (i e 
-(OCHjCHA-). The repeating unit may be linked by any number of suitable 
molecules or cross-Unking agents described below in detail and may include one or 
more of the following radicals. 

wherein generally, n = 1-1000, preferably 45-700, more preferably 50-150, and in a 
particular preferred embodiment, n = 1 00- 125, and 




and 




wherein n = 1-3. 



The radicals noted above are polyethylene glycol and polyethylene glycol 
containing moieties found in representative polyethylene glycol building blocks such 
as those shown in FIGURE 1, utilised to produce the compounds of the present 
invention and further described below. 
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Suitable polyethylene glycol containing compounds that serve as building 
blocks (Le., starting materials and intermediates) for the preparation of the 
polyethylene glycols and polyethylene glycol containing compounds of the present 

7Z U Z ™ ™ Hlkyl0Xy0Xya,rb0Xy ""P™** the general formula 

RCHCH.^O^CO^ where n = 0-2; oxydicarboxy compounds having 
general formula HO^-CH^CH^OVCH^O^ where n = 0-2 
oxy d,amino compounds having the formula NH 2 -(CH 2 CH 2 0) n <H 2 CH 2 NH 2 where" 
n= 1-3 and NH 2 CHHCH 2 CH 2 0) n ^H 2 CH 2 CH 2N H 2 where n« 1-3; L oxydiol 
compounds having the formula HO^CH 2 CH 2 0) n -CH 2 CH 2 OH where n= 1-4 in 
one preferred embodiment, the discrete-length polyethylene glycol moiety is a 4 7 10- 
tnoxy-l,13-tridecanedi a mine radical (the second oxy diamino compound noted above 
where n = 3). I„ mo1her preferred embodiment, the discrete-length polyethylene 
glycol moiety is a 3,6,9-trioxyundecanedioic acid radical (the oxy dicarboxy 
compound noted above where n « 2). 

In a preferred embodiment, the polyethylene glycol corrtaining compound of 
this invention includes both a 4,7,10-trioxy-l,13-tridecanediamine radical and 
a 3,6,9-tnoxyundecanedioic acid radical, and has the following formula 





In one embodiment, a polyethylene glycol containing compound of tl-s 
invention includes a discrete-length polyethylene glycol moiety having at least «x 
potyethylene glycol units and at least one cross-linking agent. Generally, the moiety 
wul have 6-1000 units, preferably 45-700 units, more preferably 50-150 units, and in a 
parucularly preferred embodiment 100-125 units. As used herein, the term 'W 
unkmg agent" includes a chemical compound having at least two reactive or 
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acUvatable functional groups capable of covaicnt coupling with suitably reactive 
d.screte.le^potyethylene glycol derivatives, The cross-linking agents ZZZZ 
present mention preferably do not interfere or signulcantry reduce the moiety's 
advantageous PEG characteristics and properties. 

The cross-linking agents useful in the present invention include afunctional 
tnf^cUonal, tetrafunctional, or other polyfunction*! agents. Preferably the croT 
l"*»g agent is a bifunctional or trifunctional cross-Unking .gem. LJZZ- 
agents useful in the present invention include reactive or activate functional groT 
that form covalent bonds with the functional groups of the discrete-Ten^ 
polyethylene giycol derivative, Preferably, the cross-linking agent is a carboxyt 
acid or . carboxylic acid derivative. Suitable carboxylic acid derivatives include add 
hahdes, aad anhydrides, and activated esters such as, for example, 
N-hyd^succuuxnide esters, tetrafluorophenyl esters, and p-nitrophenyl esters I, 
preferred embodiment, the cross-Unking agent is a Afunctional cross-Iinkmg agent 
15 having the formula; -e "go" 
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wherein n - 0-3, and R is independently selected from -OH, halide, -OCOR where R' 
» an avyl or lower alkyl group, activated ester leaving group such as 
N-hydroxysuccbiinride, p-tetrafluorophenol and p-nitrophenol. 

In addition to the carboxylic acid cross-linking agents, other cross-linking 
agents are useful in the methods of the present invention. The cross-Unking agent can 
also include a reactive alkyl moiety, such as an alkyl alcohol that has been derivatized 
to include a leaving group that may be readily displaced by, for example, an alcohol or 
anune chaining compound. For example, diols substituted with leaving groups may 
be displaced by polyethylene glycol diols to provide ether Unked polyethylene glycols, 
as shown schematically in FIGURE 2. Similarly, suitably substituted diols may be 
displaced by polyethylene glycol diamines to provide an amine linked polyethyleue 
glycol as shown in the reaction scheme of FIGURE 3. The reaction of a dicarboxyUc 
acid cross-Unking agent with a polyethylene glycol diol produces an ester linked 
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polyethylene glycol, and reaction with a polyethylene glycol diamine produces an 
amide linked polyethylene glycol as shown in FIGURE 4. 

™, JT aB °?" PreSCnt P rovides a ^ for preparing a 

polyethylene gtyco, coming co mp ound ha^g a discrete-length ^ethylene glycol 

method includes the step of reacting a cross-Unking agent with a discrete-length 
polygene glycol derivative having a molecular weight of at least abou^S 
grams/mole to form a covalent bond between the cross-linking agent and th! 
polyethylene glycol derivative. X* genera, reacuon seouenceV^cat 
10 represented in FIGURES 2-4. ucauy 

com JlTr f r b ° diment ' ^ mCth ° d f0f PreP8ring * *°* staining 

ZZ d0f t7 CTt,0n,SaC ° WCr8CTt ^ h « icm ^ Bysuchamethod^ 
™1T d^rete-length polyethylene glycol containing compounds c^T 

ra P1 dly and effiaently assembled. Referring to FIGURES 2-4, discrete-length 

agent in the method. The method of the present invention iurther includes th! , 

addmonal step of reacting the cross-linking agent with the discrete-length , 

polygene glycol (prepared in a previous step) in a repeated manner <Le.. repeal - 

cycles) to rapidly increase the length and molecular weight of the discrete-length • 

A representative example of three-step reaction sequence that provides' 
discrete-length polyethylene glycol containing compounds having molecular weights^ 
of about 500. 1400, and 3000, is show, in FIGURE 5. Referring to FIGURED 
reacuon of a cross-linking agent (Le., an activated dicarboxylic acid) L with a 
diamine, R, produces a discrete-length polyethylene glycol containing compound 

^TTrT° f627mDS/m0lt - 10 a ^«ep, the discrete-length 
polyethylene glycol produced in the first step is reacted with the cross-linking agent 
The second step serves to cross-link two discrete-length polyethylene glycol 

ZZ 8 TT produced m ^ ** reaction ^ ^ > 

polyethylene glycol containing compounds having a molecular weight of 14^0 
^ams/mole. Treatment of the discrete-length polyethylene glycol containing 
compounds formed by the second step reaction with the same cross-linking agent 
re^the*^ 

> having a molecular weight of 3,066 grams/mole. As illustrated by FIGURE 5 the 
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method I of the present invention provides high molecular weight polyethylene glycols 
havmg oWe-lengths in a straightforward synthetic manner (eg., the formati™ of . 
Ascrete-length polyethylene glycol having a molecular weight of about 3 000 
Srams/mole from relatively low molecular weight starting materials in three syndic 
steps). In a preferred embodiment, 



25 



L = 




wherein for L, n = 0-2, and for P, n = 1-3. 

As can be seen by the representative reaction sequence shown in FIGURE 5 a 
wide variety of discrete-length polyethylene glycols may be prepared by the method of 
the present invention by substitution of either one or both of the discrete-length 
polyethylene glycol building blocks and/or the cross-linking agent. Although 
FIGURE 5 .Uustrates a preparation of a polyethylene glycol where both the starting 
materials are polyethylene glycol-containing compounds, it will be appreciated that 
the present invention includes discrete-length polyethylene glycols prepared from 
cross-Unking agents that include polyethylene glycol functional groups (ie 
KOCHjCH^-) as well as cross-linking agents that do not include polyethylene 
glycol groups. The use of cross-Iinking agents other than afunctional cross-linking 
agents results in the formation of branched discrete-length polyethylene glycols 
Thus, the method of the present invention is versatile and by selection of cross-linking 
agents provides for the preparation of a wide variety of discrete-length polyethylene 
glycols. Preferably, the discrete polyethylene glycol containing compounds of the 
present invention retain the advantageous properties and characteristics of PEG. 

The method of the present invention may also be used to prepare a 
composrtion that includes a discrete-length polyethylene glycol or PEG containing 
compound having a molecular weight of at least 300 grams/mole coupled to a second 
component through a covalent bond. In the method, a polyethylene glycol-containing 
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compound having a discrete-length ethylene glycol moiety of a molecular weight of at 
least about 300 grams/mole, is reacted with a second component to form a covalenl 
bond. Thus, in one embodiment, the method of the present invention produces a 
Polyethylene glycol derivatized compound by reacting the compound with a discrete- 
5 length polyethylene glycol moiety having a molecular weight of at least 300 
gWmole under conditions suitable to form a covalenl bond between the 
polyethylene glycol moiety and the compound. 

The compound, or second component, may include any one of a number of 
compounds including reporter molecules such as radiolabel compounds and 
10 precursors to radiolabel compounds, as shown in FIGURE 7; a fluorescent 

o ^ ^ ^ * Pr0tdn Wnding U8and « ™ h - - sho- 

rn HOURS 9; or a therapeutic agent such as ubiquinone 50, as shown in FIGURE 10 

The discrete-length polyethylene glycols of the present invention may also serve as J 

components or compounds For — * * *— - 

FIGURE 1 1, discrete-length polyethylene glycols of the present invemion can be used 
to lm^ for example, vitamin B 12 to biotin. The discrete-length polyethylene glycol 
and PEG containing compounds of this invention can also be coupled to hydrophobic 
mo,et,es to form biphasic compounds useful in the formation of liposomes and 
micelles. 

• Because of the well-known water Mobilizing properties of polyethylene 
glycol, the discrete-length polyethylene glycol and PEG containing compounds and 
composition of the present invention have high water solubility. Accordingly the 
polyethylene glycol compounds and compositions of the present invention are 
parfcularly useful in solubilizing components that have low solubility in aqueous 
environments; Furthermore, because of polyethylene glycol's well-known property of 
^tag therapeutic agents in the bloodstream, the discrete-length polyethylene 
glycol and PEG containing compounds of the present invention may also be useful in 
stabihzuig biologically active molecules including therapeutic agents. The discrete- 
length polyethylene glycol and PEG containing compounds of this invention may be 
coupled to therapeutic agents to increase their water solubility, increase their stability 
m v/uo, and to facilitate their administration as water soluble formulations. While the 
discrete-length polyethylene glycols may be useful in forming compositions with a 
number of therapeutic agents, preferred therapeutic agents include ubiquinones 
particularly ubiquinone 50, and its derivatives, and vitamin B 12 and its derivatives ' 
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The discrete-length polyethylene glycol containing compounds and 
composmons of the present invention includes a therapeutic agent covalently attached 
to ^the polyethylene glycol through a covalent bond. Where the covalent bond is 
deav-ble and/or degradation of in W W , the compound or conjugate is a prodrug o 
the therapeuuc agent. Accordingly, the discrete-length polyethylene glycol and PEG 
contauung compounds of the present invention are useful in combination with 
therapeuuc agents as prodrugs and may be effective in the delivery of therap^ 
agents such as ubiquinones, vitamin B u , and their derivatives. 

In another aspect, the present invention provides a pharmaceutical 
composmon that includes a discrete-length polyethylene glycol containing compound 
or imposition having a discrete-length polyethylene glycol moiety with a molecular 
weight of at least about 300 grams/mole, preferably 2500, 3000, 3500, 4000 or 5000 
grams/mole, coupled to a therapeutic agent, ami a pharmaceutically acceptable earner 
and/or diluent. 

The method of the present invention provides a variety of PEG-o>ntaininB 
compounds having discrete-lengths, molecular weights, and functional groups As 
noted above and described below, the method of the invention provides (a) ether- 
hnked PEG compounds having bis-alcohol termini; (b) amine-Iinked PEG compounds 
having bis-amine termini; (c) amide-linked PEG compounds having bis-amine termini- 
GO angle terminus substituted PEG compounds having, for example, alkyl radiolabd' 
fluorescent, and protein binding (e.g., biotin) termini; and (e) PEG 'compounds' 
substituted at both tennini to provide, for example, prodrugs and other linkers, all of 
which have discrete lengths. 

(a > EthCT Linked - FEGrnmpnHn t fr - fris-Alenh^ Tmroj 

In one embodiment, the method of the present invention includes a convergent 
synthesis that effectively "dimerizes" a discrete-length PEG derivative through a 
bdunchonal cross-linking agent. A general scheme for the preparation of an ether- 

^/or!fl COmPOUnd **** biS " alCOh01 temM ***** Polygene gJ ycos (U, 
tt-tOCHjCH^-OH) is represented in FIGURE 2. Referring to FIGURE 2 the 

30 dimenzation of a d ^-kngth PEG diol with a di-activated discrete-length PEG 
diol is accomplished by using an excess of the first PEG (which can be recycled upon 
separation from product). The coupling reaction shown employs good leaving groups 
such as sulfonates (e.g., tosylate, mesylate, triflate). The reaction conditions typically 
employ . base (e.g., NaH, KOtBu) under conditions generally applied to ether 

35 formation. By selecting high molecular starting materials and/or repeating the 
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««- O e.. employing addiuon,,, «*. ^ „ „ 

™ » *- <» M. . r^idly as^e PEG compounds rf 
ft"*** - — *r weight, ft, . did tavi*. . efcylene ^ 

-> n + n + 2 ethylene glycol units. 

*«0 D. - 4) may be r***, with ^ >wlitable J^*T 
tolueoesutae [»- 4] .o yidd a pou^^ta, w (n . 1 , ^ 
""eta. an be conduct* to a second c^ with to „J ^ 
10 paudwu^Khylene glycol) fn- - u, «, omvij ;, 1 * , 8Memed 

unit, f. . ^CH,CH nT? Iv 7 P ^'~ rad rf 34 '"'l* 1 " 8lyn>J 
™»(.e, KCHjCMj-O),,.). When larger dermuma aredesired, to PEOdiolnw 

may be the corresponding di^-tosyhue. The product of such . coupimg is 
»^tavin 8 4 4 e U ,y loK g l ^ 1 unU,. WMe ^^^ s ^^^ 

.v«h*l. or prep^ Son, . ascrete4ength compound) be u^ ,0 prep« PM 
l ^^IW 1 l»«^ l-1(tafc 4 ll °P«P«PEG 
W AmiTO Linked PFG c» mm i. . ^ i s . Am in. ly^ y 

^ b f««<rf'MGdUnu.eforth«PEGdioI in*, ruction seouene. 
«• ^ above provides an amme^ PEG, a PEG-like compou^ ZZ 
a-NH-group m place of to -O-group present in trdiuon* poiyahy^ glycols a, to 
^posrfons. A general scheme for the pr^ 
~r**^*~*m»*iU vmmihmaBy For.diJZ 

U^n.d^mme t „ - 3] . rented with commercially lvaiW)le 
««. two i second^ amines „ d wo ^ ^ JJT 

ammes umwt w^er as they will be protonated „ rvJT^ 

£ta ta re^Uon (hav™, . leng* * mo,^ ^ ™ 

- U taher «««d to provide a dtaer having , mdecdar weigh, rf 2« £2 
SWmc*. Punher PEG units may be added .0 these cotne^s bytunZ 
chemical means to produce even larger PEG compounds. 
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(C) Anad.qjnked?EQMo| rrn | n .p h ftmaejgffiinj 

Substitution of the diactivated diol cross-linking .gent in the reaction sequence 

HboI 8 T! f^' ^ **- ^ ^ 

uiued PEG, a PEG-Iike compound that has an -NHCOCH2- group in place of the 

-O-group m pofyethylene gl^ „ the cross-L position! a 

g«-afced scheme for the preparation of an ^de-linked PEG compound havin'bi^ 
--^^.M, For a diamine ha^gUylenel^ 
anus and a cross-hnfang agent having Methylene glycol units, the product ami 
^P°*emylene glycol 

1 13 J^T7 * FIG ^ E4 ' " 6X0685 ° f COmmerC ^ mailable 4,7,10-moxa- 
1,13-tndecaned.amme [„ =3] may be reacted with readily prepared Z 
tetrafluorophenyl ester of 3.6,9-trioxaundecane dioic acid p = 2, to^PEG 
c.ma.nmgmoIeculeh.vmgtl^equivalemofPPEGunits. While I otW 
umts ,s decreased by introduction of amide bonds, the amide fink still has an increased 
^so^r^^^^ The ^advantage" 
£ZT cTrV " the " rdatlVC ^ ° f rMCtion - ^ high yields 

wth l J , f 86 ^ ^ * US6&1 f0f PEG compounds in 

which cleavable linkages are desirous. 

(d) Single Terminus Subst*,,^ pp q Comp n.^^ 

The PEG containing compounds and methods of this invention may also be 
used to prepare PEG containing molecules for attachment to molecules or surfaces 
where they can impart desired effects including water solubilization or detoxification 
In some mstances, both ends of the PEG compound may be modified. One end of the 

to HT nd 7 ^ " CaPPCd " t0 ^ U * ™*>n used 

l^tr° 1 ^ lCt0M0 ^ forim P a «in^EG Properties. Ahernatively, one 
end of the P*G compound may be capped with a reporter functional molecule s^h as 
a fluorescent dye or radiolabeling moiety. Other terminus substitution may provide 
derive havmg moieties that: 1) target tumors through variety of rLptor 
mod^es,2)bind with biologically active protons, 3) cause the moleculeTbe 
exdud* from cells; 4) cause it to enter cells; 5) cause h to alkylate other moieties or 
^ " t0 ta *« ^ns; and 7) cause it to otherwise be handled in a 
manner duannilar to the PEG derivative without the modification. A generalized 
scheme for coupling of one end of a discrete-length PEG derivative with a second 
compound is provided below. 
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AUcyl Termmpfert PEG Pfrivpfryg Referring to FIGURE 6 the 

rolTT^^ 0 ^ " reaCtCd ^ M — of di^nodLl 
nonaoxa product of the specific reaction shown in FIGURE 4 to provide a 

-o«i-«^«0«^ e o BVOUB , ( , 1 atoms long, MW = 7m 
Rad,o|abeleri Gronn (AnA ro „ rrril| „ ; A ' 

Tto IFF est* of /nodobenzoate is used as the reagent in the second step of the 
scheme. Replacement of the reagent with the TFP ester of Z* 

ZSZT": pro * des a ~ - wMch - be - ££n 

rad,o,odme (by subsutution of the stannyl group with radioiodine) into a PEG 
compound. The radioiodination c*n take place as the last step of any £££ 
2* 'the arylstannyl-PEG. The TFP ester may then be reacted with a d^PEG 
contauung compounds in a manner as described above for the TFP ester of the methyl 
15 terminated PEG in FIGURE 6. e mettlyl 

aaBa^gtiP^ PEG TVifvuthn. A method for imroducing a 

wTrdH^^^^ 0 ^ 8 Dansy, chloride is reacL 
«fc the d tg lycohc anhydride adduct of commercially available 4,7,10-trioxa-l 13- 
tn^ed^nune Activation^ of the carboxylic acid mnctionahty 1 
tetrafluorophenyl ester is accomplished with the TFP-acetate. The TFP ester is 
"^°-* EG «— *• ™< as described above and illustrated 

Wfi Bindinfy ^ ™» nrrlv^n . A method for introducing a 

bxotm molecule into a PEG derivative is shown in FIGURE 9. -In the react,' n 
sequence, the biotin carboxylate is activated by preparing the TFP ester, then TZ 
-*com™d % ava^^ There^ll^ 
compound is .eacted with diglycolic anhydride, and the resultant ^" 
abated by formation of the TFP ester. The TFP ester is then reacted 7Z a 
epresenta.ve diamino-PEG derivative to yield a PEG containing compound ha^g 

substJl^ T* 1 " ° fPEG C ° ntaining C ° mp0Unds of ^est have both terminus 
subsututed wtth compounds. Some examples are noted below, but it will be 
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appreciated that the PEG confounds of the present invention may be useful in other 
applications as well. m omer 

. WwWHHng Pmrim gT- The PEG containing compounds of this 

invention may be prodrugs. The PEG containing compounds of this invention can be 

IS!^ t0 Pn,Vi f Wato t0 e -»«* - components to 

winch they are coupled. The compounds may further be designed to Please the 
parent compound once it be^ administered. In some cases, all that is of interest 
have one n0 ^ temhms ( . g ^ ^ & 

(e.g ether, ester, carbamate, carbonate) at the other terminus. An example ofthL 
can be made where a highly water insoluble compound coenzyme O 
(ob,ouinone 50), can be made water soluble with PEG derivatives. ThesTaeLivt 
are made wherein the PEG containing compounds are attached to the hydroquinone 
alcohols produced by gentle reduction of native coenzyme Q J0 . The coup^Ta 
PEG to obiqmnone 50 is shown in FIGURE 10, where an isocyanate (produced from 
a terminal amino group) containing PEG is attached to the hydroquinone through 
formauon of a cleavable carbamate group. The discrete-length PEG containing 
compounds of this invention are preferred because of the difficulty in purifying and 
charactenzing the product obtained using a mixture of different sized PEG 
compounds. Other examples where the terminus away from the coenzyme Q tt 
molecule contains a hepatic localizing moiety, a cell membrane permanent agent a 
charged species, or a number of other biologically relevant molecules may be prepared 
as part of the water solubilizing discrete-length PEG containing molecules 

Water golubilirinp Lj^ers Within rnmpnmw h. The PEG containing 
compounds of this invention may be used as water solubilizing linkers between two 
compoumfc that have different biological properties. One such example is the use of 
the ^commercially available 4,7,10-trioxa-l, 13-tridecanediamine as a water solubilizing 
taker molecule to conjugate vitamin B a (VB 12 ) to biotin. A similar sized (non-PEG 
containing) linker, 1,12-diaminododecane had been used previously, and the resulting 
conjugate was found to have low water solubility. However, the conjugate prepared 
using the PEG containing diamine was found to be quite water soluble. Importantly 
PEG containing linkers of greater and discrete length than those available 
commeraally are of interest. Lengthy linkers are advantages to separate the two 
proteins that bind with vitamin B 12 and biotin. Examples of several different linkers 
with discrete-lengths being used as water solubilizing spacer (linker) molecules are 
shown m FIGURE 1,. The water solubilization has been found to be particularly 



07/12/2002, EAST Version: 1.03.00 



WO 97/14740 



17- 



PCT/USW16760 



taporun, in ,he pnp,,,^ ^ 

cont^ *»» ta. b- *». to tap,.™ a^'^T' The . PEG 

FIGURE 12 schematic.!!. A-w. ^* 1 " y *»■»•<«%. 

< scneniatically depicts a representative me of the PTr, • 
compound, a, linte, „ ^4,. ^ ^ f * ™ -mm* 

5 errvirotiments. ^ solubility in aqueous 

PEG compounds of this invention have discrete l™»k. „ , 
^"^ove^ttediflicuM^^^ 

>d"^. g n^ofcc^nds. A^^Z^T""''' 

>0 a^Uted vWth polymer purine™ 

Altetrativestorwrynier^nfbrrnakinelo./.h. >W»«caMry. 
bunding of the rlcme „ ."^ "i^T'^'^'^c 

» few step process G-^n. ,mp " c,i * nd coml>i »«' « 

Although the PEG containing compounds having discrete-length, ™ u 
phyaca, and biological propel s^ar to those obtainL fiTm ^SSj ^ 
nondtscrete-lengths and molecular weights) produced T , " 0 C ' 

them a Pharmacokinetics of compounds derivatized with 

them. A convergent synthesis also has an advantage over nol«m • 
derivation at ehher one, or both, ends o^PEr «** » 

readUy accomplished E ° ^ mo,ecule » "ore 
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Synthesis of. Representative Discrete-Length Polyethylene 
Glycol-Containiog Compound 
The prep**™ of . rq^mtfv, dbcreeJagft po^^ . 

*e ^p^^nudv. discr.,^ PEG co^tatag compound JTL^^ 
r — (diTFP) of 3,6, JL^l^T^ a 

8 ' added followed k 

l-ethyl.3-(3.dmethylaniinop ro pyl)carbodiimide (EDC) (108 mmol 21 «rt t/ 

W ^ « «— '-perature, and the solvent was removl 

under vacuum. The residue was extracted with ether (300 mL) and the ether was 

£££ rT^ WCari>0Mte S ° ,Uti0n (3x25mL >' *- * waT 

I ^ ° n ^ *" ° Ver anh > drous «>dium sulfate and then 

a ? 5 r«or r T UndCrVaCUUm - ^^P^uawasdnedundervacuun, 
at 50-55'C to yidd 15.8 g (76%) of product as an oil 

lHNMR (CDQa, 6): 3.6-3.8 (m, 8H), 4.46 (s, 4H), 6.9 (m, 2H) 
SK>*»du,niine: 4J,10-Trioxa-l,13.tridecanediami„e (66g, 300mmol) 
Glared as described above) was added in a dry and a sTucTo 
S.e.S.moxaundecanediok acid diTFP ester (15.8 g, 30.5 mmol) in 250 mL of 
acetomtnle was dripped into it dropwise, at 0T over a period of 1 h The reaction 
was s^ed at room temperature for 1 h and then the solvent was distilled The 
res.due was sthved with ether and the ether layer was discarded. The crude product 
was loaded over a silica column a^d the column was dated whh methanol The 
^ containing product were collected, solvent removed, and the product was 

P^lvethv. TT t0 *" 8 ^-ntative discrete-length 

polyethylene gfywl^ontaining compound of this invention 

.7.,., « (Me0H ^' ) 5 40 (! ' 3H) ' 3 " 7 ^ » <«• <* « ft m 
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Example 2 

Synthesis of a Discrete-Length Polyethylene Glycol-Containing 
Compound Coupled to Vitamin B u 
The preparation of a vitamin B„ derivative covalently coupled to a discrete- 
5 length polyethylene glycol-containing compound is described. Briefly, the example 
describes a procedure for the reaction of a cyanocobalamin monocarboxylic add with 
the discrete-length polyethylene glycol containing compound prepared as described 
above in Example 1. 

Cyanocobalamin monocarboxylic acid and N-hydroxysuccinimide are 
10 dissolved in water and sodium cyanide is added. The discrete-length polyethylene 
glycol prepared as described in Example 1 is then added and the pH adjusted to 6 
with 1 N HC1. N-cthyl-N-dimethylflmino-propyl-^odiimide-hydrochloride (EDC) 
is added and the pH of the solution readjusted to 5.5. The reaction mixture is then 
stirred overnight in the dark at room temperature. In 5 intervals of 6 to 14 h, N- 
15 hydroxysucciminide and EDC are added to the solution, readjusting the pH value 
to 5.5 each time. After a total reaction time of 4 days (HPLC monitored) the solution 
is evaporated to dryness, the residue digested with of acetone and the solvent 
decanted. The solid residue is dissolved in 50 mL of H2O and applied to an Amberlhe 
XAD-2 column. The column is eluted with water, and the desired product is eluted 
20 with methanol. The methanol fractions are evaporated to dryness, and the residue 
dissolved in 25 mL of water and applied to a Dowex CI* column. The final product is 
eluted using water, thereby leaving non-converted acid bound to the column, which is 
later eluted with 0.04 mol/L sodium acetate buffer pH 4.7. The fractions containing 
the final product are evaporated to dryness, digested with acetone and filtered The 
solid product, a discrete-length polyethylene glycol containing compound coupled to 
vitamin Bi 2 , is obtained by recrystallized from aqueous acetone. 

Example? 

Synthesis of a Discrete-Length Polyethylene Glycol-Containing 
Compound Coupled to Ubiquinone (50) 
The preparation of ubiquinone (50) covalently coupled to a discrete-length 
polyethylene grycol-containing compound is described. Briefly, the example describes 
a procedure for the reaction of ubiquinone (50) with a suitably reactive form of the 
discrete-length polyethylene glycol prepared as described above in Example 1 . 

In a first step, ubiquinone (50) is reduced to the corresponding ubiquinone 
)5 according Cheng and Casida (J. Labi Compd. Radiopharm., 6:66-75, 1970). Briefly, 
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LZT S0 V L w^l* acetic acid and 0.3 g of zinc dust was 

ta*d a, 50 C for 5 am, quenched with 5 mL of waer and exuacW m hex™ < 4S 
-tX «.» argon .Bnosphere. Hexane extract was washed whh water (3 ^TinO 
dnedoverMgSOa. concentred on a 

1 k to ydd 0.9,0 g of reduced ubiqutaon. (50). This ma«ud is used in ££ZZ 
reactions without Sirther purincatioa. »"owng 
The ubiqinnol prepared as described above can be covaiently coupled to 

produce a v^ety of ubiquinone knked PEO^nudning compounds 

rneuj ^fr * HTf ? 0 " l ™h - ^"^Pn^ureprovideTrLna 
nwhodology fb, prep**g , ubiquinone issving . discrete-kmgtn fEaJL** 
r^coupleddir^ w .„bi,u^^„^ 1 ^ group <fU ' frOT,t «"'"* 
In athree necked round bottom flask equipped wju, , ^ ngnnmelarf. 
unique (reduced O.Q.0 p^ as dST«T 

•m^re. ToUussoiutionis^edsodiumhydride Ttere^rniaureisauL 
^<-*nt n *.U+, 1kmaoM „4> c using an ice b«h. Tothecooled 
soluaon ts added a PBG-tresyUK. a of „, discrete ^^ 

<W prep^ed a. described in Ex^pl, ,. PEG-tr^c 
•"^J^w.*^!^^,^*,,,^ After sdrl the 
>• 0»C the ice b«h i, removed and to reaction miaure rtrrea Z 

.*"*"-« "mp^e of on b«h to ,00°C After redux, hering i 

^^.U,^^.^^^^ ThesoBds^cuum 
Si«r«d and so!™* evaponurf „„ , Moenf0rmr ^ ^ 

dmol«d m chloroform and ™hed with wa«r. The org™, dried over anhydj 
m*mm flter* concenuated on a rot«v.po«or, and dr*^ 

««. at room temperas to yield a ubiquinone (50) «her link* discT«e-k™h 
PEG-containing compound. 

SaO mm I*M PFQ r omr o„ nrK The following procedure provides a 
general methodoaOgy for preparing a ubiquinone having a d^^Hk 
contmning mo.ety coupled directly to a ubiquinol with a carbamate linking group. 
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the first step, the succinic carbamate of the Am^^^L* 
-pound prepaid as desert in ^ , prepared by Z^E^T! 
andwar^g t0 50 o C to achicve ^ To ^ ^ *« 

==■ ^r--r:r=.-:i-rrHx 

"■ccmimdyl carbamate of tb* PEG. l>™ure to yield the 

10 "* ' droPPin8 -•■»■'*- ™ XM 

ooiqunwl (reduced CoQIO prepared as described above* in .„■, a 

To this solution is added sodium M Hde. til 2^ 
« room ^nperature, 4. cooW » CC using , ice b«h. To 
sohmc™ .sadded 500 mg the .ucctaWd,, pr^ „ ^ 

™» « ] 0 C, the re«uo» rorxture „ queried vAfc , ^ of bljne ^ 
^^•^P---.«---t«-. Thecrudep^istAenup^o 

^ydrousra^r^s^raered, concentred oa.r^p^J™ 
»■ ^v^,, roMt e m[ ^ retoyieldtheendproi|uct P «nd dned 

ehi^f 11 * iS ^ °" ' ^ «>lum„ „d eluwl »iU, 

"^W^linWd^l^PBO^^,^^^ 

™ r ™^ - * Procedure provide, . 

b^nml methodology for prep^ing , ubiqmnone having . discrete-teL, peg 
coma™* mo** direct!, to a ubiquino! ^ . ^ ^JXS 

of a succmunidv, cubonate of the ascme-lengU, imJZ^ 
^» d ^»E^ie,wiA,^ cc ^ Ql0fa J^J 
' Wropnate base (ludl „ ^ hydride) „ ^ * 

^Mroftran) oroides a ubiquinone (50, ^ Bnfcd diacrJl^ 

containing compound. 45 

^ ^^ TF ^ r ^^ - ^ e ^wing procedure provides a general 

methodologyforpreparmgaubiquinoneprodmgha^ 

directly to a ubiquinol with an ester linking group ^ P 



7/12/2002, EAST Version: 1.03.00 



WO 97/14740 

PCT/US96/16760 

.25- 



ester J • / COenZyme Q1 ° **" M N-Mroxj^uccinimidyl active 

prepared as dcscnbed m Example 1 in the presence of appropriate base Zch as 
tnethyw in appropriate solvent (such as «-«idbJ^£" 

ub.qumoneCSO) ester linked discrete-length PEG^containing c^mpounT 

describTt t' refOTCd mbCdimem ° f * C ™« has been illustrated and 
descnbed rt v*H be appreciated that various changes can be made therein witho* 
departmg from the spirit and scope of the invention. 
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We claim: 



1. A polyethylene glycol-comaining compound, comprising « u.* , 



* poiyeinyiene glycol moiety comprises a radical selected ft™. * 
group consisting of selected from the 




radicals, wherein n = 7 - 1000. 



3. ^Po'yetyleneglycol-coiit^ . 
group consisting of selected from the 




radicals, wherein n = l . 3. 



4. The polyethylene glycol-rontaining compound of dam, 1 • t 

5. The polyethylene glycol-containing compound of Claim 1 • u 

group consisting of raa,caI sc,ectcd from the 
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<> 



/ 



radicals, wherein n = 0 - 2. 



7. The polyethylene glycol-containing compound 




3 




]entrt . * . . f glycol-containing compound, comprising a discme- 

^gth polyethylene glycol containing moiety having at least six ethylene glycol units 
and at least one cross-linking agent. 
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9. The polyethylene glycol-containing compound of Claim 8, wherein the 
discrete-length polyethylene glycol containing moiety comprises & radical selected 
from the group consisting of 




radicals, wherein n - 1 - 3. 

10. The polyethylene glycol-containing compound of Claim 8, wherein the 
discrete-length polyethylene glycol containing moiety comprises a 4,7,10-trioxa-l,13- 
tridecanedi amine radical. 

11. The polyethylene glycol-containing compound of Claim 8, wherein the 
discrete-length polyethylene glycol containing moiety comprises a radical selected 
from the group consisting of 
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radicals, wherein n 0 - 2. 

12. The polyethylene glycol-containing compound of Claim 8, wherein the 
cross-unking agent is selected from the group consisting of bifunctional and 
tnfunctional cross-linking agents. 

13. The polyethylene glycol-containing compound of Claim 8 wherein the 
cross-linldng agent is selected from the group consisting of an alky] moiety having , 
displaceable leaving group, a carboxylic acid and a carboxyiic acid derivative. 

14. The polyethylene glycol-containing compound of Claim 13 wherein 
the carboxylic acid derivative is selected from the group consisting of an acid halide 
an aad anhydride, and activated esters. 

15. The polyethylene glycol-containing compound of Claim 12, wherein 
the bifunctional <ross-linking agent is selected from the group consisting of 
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wherein „ - 0-3, and R is independently selected fiom -OH, halide -OCOR' 
wheremR.sana.y, or .owe, alky, Randan activated eaerlea^ p * 

16. A method for preparing a discrete-length polyethylene 
containing compound, comprising: P°V«liylene glycol- 

reacting at least one cross-linking agent with at least one discrete-len^th 
pofyethylene glycol derivative to form at least one covalent bond betweZe ^ 

leastshcXr^r 

17. The method of Claim 16, wherein the step comprising reacting 
cross-lmkmg agent with the discrete-length polyethylene g,ycol dLatL £££ 
a mutaple of umes to provide a discrete-length polyethylene glycol or disc^H 
po^eglycol^ 

18- The method of Claim 16, further comprising 

secon/*"*** diSCrete " ,en8th ^VW™ glycol-containing compound with a 
second component to form a covalent bond between the polyethylene Z>1 
contammg compound and the second component. P°Wene glycol- 

13. A composition, comprising a discrete-length polyethylene *h™i 
-JT *m a mole^lax weight of at least about 300 
second component through a covalent bond. 

20. A composition comprising a discrete-length polyethylene rivcol 
contauung mcety hav*g at least six ethylene glycol units and^t leastte ^ 
bnkmg agent coupled to a second component through a covalent bond 
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21. The composition of Claim 19 or 5ft 
^alowsalubiHtyin.^^l^ ^ *~ - — -ponent 

a thera^tic £ * ^ " °' * .*» ^ «~ is 

*». tK^ ^ C ° mp0Siti0n of C,aim 23 « herein the therapeutic agem is selected 
fr ° m *• of a ubiquinone and derivatives thereof 

25. The composition of Claim 24 wherein th- .w • 
ubiquinone 50. "^"none is 

from J 6 ' 71,6 """P"*** of C1 ™ 25, wherein the therapeutic agent is selected 
*>« the group consisting of vitamin B 12 and derivatives thereof 



fctfv*. 27 " ^ COmPOSid ° n ° f Claim26 ' ^ the «»■»« ^ is deavable 
Claim «L a ^ Phan ^ tiCaI C ° mP0Siti0n ' the composition of 
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Step 1 I 



H-(-P-L-P-)-H 



Step 2 J, 



H.(-P.L.P>L{P-L-P.>H 



Step 3 I 



HC-P-L.P-L-P.L.^p.L.p.^.p^p. 



)H 



FIGURE 5 
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